Remodelling of actin cytoskeleton in mammalian sperm during

capacitation in vitro

Zména usporadani aktinového cytoskeletu ve spermii savci v

priubéhu kapacitace in vitro

Marianna Borecka

Ptirodovédecka fakulta Univerzity Karlovy v Praze

Katedra bunééné biologie

Bakalarska prace

Praha 2008

Skolitelka: RNDr. Hortova Katefina, PhD.



Dékuji své Skolitelce RNDr. Katefiné Hortové, PhD. za ochotu a trpélivost, se kterou mi
pomahala s vypracovanim mé prace.



Content

COMLEINIT ...ttt ettt et ettt e et she e e e bt e e e e ba e s aa e et e ebeesareemneeneennees 2
ADSITACT ...ttt sttt et ettt ettt e h et st be ettt et eb et e be b e nat e e ereenneas 3
KEYWOTAS ...ttt ettt e et e e eabe e e san e e sanee s nseeeans 3
ADSEIAKL ..ottt et et st e bt ae e 4
KHEOVA SIOVA ...ttt ettt sb e st ae s 4
INEFOAUCTION ..ot ettt ettt ettt sat e b et eane e e nee 5
BN TS 03 (01 S (5 o « TSP 6
ALCHIN Lttt h ettt h e et a et b et sae et bt et snt e e eneennens 7
N3 0151 v+ 4 RO OO OO RR PSSO 9
TRE HEA ..ottt sttt 10
THE Tl .ottt ettt sttt st nae s enee 11
The CYLOSKEIELON ..ottt e e be e e e eebeesneensaeeeaeenns 11
SPErM ANd ACHN ......eeiieiiiieieecec ettt e ra bt s et e eneenseeneenen 13
L@ Vo T £ 14 T0) o SO RS R 15
Capacitation and ACHN .........cccovvieiieieeieeeecieete et ettt sae et e ae e b e seebessaebeeseesseesaeseannenne 16
CONCIUSION. ...ttt ettt ettt et e ettt eae e beesseereesseessesbeeseebeessensesnsensennns 20
LiSt Of @bbIeVIations .......ccociiiriiiiiiie ettt 21
RETEIEICES ...ttt ettt as et et s s essessesse s enseseensanaas 22



Abstract

In order the fertilization of an egg could occur, spermatozoa have to reside in female
reproductive tract and undergo series of biochemical modifications called capacitation. This
provides sperm with ability of the acrosome reaction and penetration of the egg. Sperm
capacitation is accompanied with a massive actin polymerization in anterior part of the sperm
head and the acrosome reaction induces fast F-actin breakdown allowing the sperm outer
acrosome membrane and plasma membrane to fuse. It has been suggested that protein
tyrosine phosphorylation represents an important regulatory pathway during the sperm
capacitation and there is an evidence for enhancing of actin polymerization by this
mechanism. Thus, the actin cytoskeleton plays an important role in egg fertilization. It is
responsible for plasma membrane modification and it represents the last barrier before the

acrosome reaction can occur.
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Abstrakt

Aby byly sav¢i spermie schopny oplodnit vajicko musi setrvat nejprve druhoveé
specifickou dobu v sami¢im reprodukénim traktu a podstoupit fadu biochemickych zmén
oznacovanych jako kapacitace. Pouze kapacitované spermie mohou prodélat akrozomalni
reakci a vnikout do vajicka. Kapacitace je doprovazena aktinovou polymerizaci v pfedni ¢asti
hlavi¢ky spermie zatimco pfed nastupem akrozomalni reakce dochézi k rychlému zhrouceni
této aktinové sité umozfujici spojeni vnéj$i akrozomalni a plazmatické membrany.
Piedpoklada se, ze tyrozinova fosforylace proteini je jedna z dtlezZitych regulacnich cest
béhem kapacitace, a Ze je zodpovédna za polymerizaci aktinu ve spermii. Aktinovy cytoskelet
hraje tedy dilezitou roli béhem ptipravy spermie k oplodnéni. Je zodpovédny za zmény
probihajici v oblasti plazmatické membrany spermie a je také posledni pitekazkou pred

nastupem akrozomalni reakce.
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Introduction

To reach fertilization two gametes have to fuse and form a zygote. The female gamete
is one of the largest cells in the organism and is called the egg (or ovum). The male one is
named the sperm (or spermatozoon, pl. spermatozoa), it is highly motile and often the
smallest cell in the organism. Gametes spring up during meiosis, when four haploid cells arise
from one diploid progenitor cell. The division together with proliferation, differentiation of
the cell and formation of special structures is called spermatogenesis for sperm and oogenesis
for eggs. Spermatogenesis occurs in seminiferous tubules of the testis and continues in
epididymis where sperm are stored. Sperm undergo more biochemical and morphological
changes later on both in male and female reproductive tract.

To become capable of fertilization sperm have to capacitate what enables them to
undergo the acrosome reaction following binding to zona pellucida, the egg’s coat. Hydrolytic
enzymes are released and sperm penetration can occur resulting in fusion of gametes.
Molecular mechanisms of these processes are not well known yet but it is obvious that the cell
cytoskeleton plays an important role in them. In this work I have concentrated on the role of

actin cytoskeleton in capacitation.



The Cytoskeleton

The cytoskeleton is a highly dynamic and adaptable system of filaments in eucaryotic
cells. It is used for pulling the chromosomes apart at mitosis, splitting the dividing cell as well
as for the intracellular transport. It protects cell from mechanical stress, allows cell to move
and controls the cell shape. There are three main types of filaments: intermediate filaments,

microtubules and microfilaments.

Intermediate filaments

Intermediate filaments provide mechanical strength of cell. They form a protective
cage for DNA in the nucleus called the nuclear lamina and strong rope-like structures 10 nm
in diameter in the cytosol. They are made up from elongated and fibrous subunits forming
lateral contacts between a-helical coiled coils. Due to this fact intermediate filaments tolerate

stretching and bending.

Microtubules

Microtubules support the intracellular transport and determine the positions of
membrane-enclosed organelles. They form cilia and flagella on the cell surface and during
cell division a bipolar mitotic spindle. Microtubules consist of 13 protofilaments forming a
hollow cylindrical structure with a 25 nm diameter. Protofilaments are formed from protein
subunits of tubulin, a heterodimer consisting of two globular proteins called a-tubulin and /-
tubulin. Tubulin assembles head-to-tail creating polar filaments with minus end (a-subunit
end) and plus end (S-subunit end). Minus ends are anchored in a microtubule-organizing

center whereas plus ends are growing towards the periphery.

Microfilaments

Microfilaments (or actin filaments) are invoved in cell motility and determine the
shape of the cell. They mediate cell shape changes during mitosis, play role in contractile
activities, separation of daughter cells, cell-cell and cell-substrate interactions, endocytosis.
organelle positioning, secretion and transmembrane signalling. They form lamellipodia and
filopodia used for exploring territory and for moving around. The subunits are globular
polypeptides assembling head-to-tail to form polar filaments which form one helical structure.
Actin filaments are the thinnest with 7 nm in diameter which provide them with flexibility as
well as fragility. The highest concentration of actin filaments is in the cell cortex, a layer

under the plasma membrane where filament nucleation most frequently occurs.



Actin

Actin (43kDa) exists either in a monomeric (G-actin) or in a polymeric (F-actin) form.
Each actin molecule can bind ATP, which is hydrolyzed to ADP during polymerization.
Polymers assemble spontaneously via noncovalent interactions. Actin filaments are
structurally polarized with a possibility to grow on both ends. The plus end grows more
quickly than does the minus end. Nucleation sites for actin filaments contribute to the

structure of focal adhesions and adherent junctions.
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Figure 1: An actin monomer and actin filament. (A) An actin monomer with
ATP/ADP binding site and plus and minus ends. (B) Polarized actin filament (adopted from
Molecular Biology of the Cell, Alberts et al.).

A large number of actin-binding proteins regulate actin assembly by controlling
filament formation and cross-linking of the actin network. The activities of these proteins are
often modulated by signalling molecules such as Ca® or phosphorylated phosphoinositides.
Proteins regulating filament formation include actin monomer binding proteins (e.g. profilin),
actin filament capping proteins (e.g. capping protein, CP) and Ca’* dependent severing
proteins (e.g. gelsolin, villin, fragmin, adseverin, and scinderin). Cofilin (actin depolymerising

factor, ADF) is a less efficient severing protein regulated by phoshorylation.



Superorganization of actin polymers is mediated by actin side-binding or cross-linking
proteins (e.g. a-actinin, filamin, fimbrin, and villin). The movement of actin filaments within
the cell is controlled by myosins.

Rho-like GTPases are involved in signalling pathways that link extra-cellular growth
signals or intracellular stimuli to the assembly and organization of the actin cytoskeleton

(summarized Schmidt and Hall, 1998).



Sperm

The spermatozoon has two parts: the head with haploid DNA, the strong tail (or
flagellum) to reach the egg, joined together by the neck. Both the tail and the head are
surrounded by the plasma membrane forming structurally and functionally distinct membrane
domains without using intercellular junctions. The plasma membrane is found to consist of at
least three distinct domains: the acrosomal region, the post-acrosomal region and the plasma
membrane of the flagellum. Many alterations occur during the transit down the epididymis
and up the female reproductive tract. Since transmembrane proteins are stabilized by linkage
through membrane skeleton proteins to cytoskeletal structures, such associations may be
important for defining the boundaries and contents of different sperm surface domains.
Components of the membrane skeleton complex that are possibly involved in producing
domains include actin, myosin and spectrin (summarized Eddy and O’Brien, 1994; Millette,

1999).
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Figure 2: Features of the mammalian spermatozoon (adopted from Eddy and O’Brien,

1994).

The length of mammalian spermatozoa vary between species. Human spermatozoa
have a total length of approximately 60-70 pum, whereas mouse and rat sperm have a length of

about 130 and 190 um, respectively. It is also of note that in contrast to most somatic cells, in



which 80-90 % of the cell is water, mammalian sperm are about 50 % dry matter (Millette,

1999 and citation therein).

The Head

The main part of the head is the nucleus. It includes an extremely tightly packed
haploid DNA associated with protamines instead of histones. Sperm transcription is shut
down. Pores in the nuclear envelope are absent except for the most posterior part of the
nucleus. Inner surface of the nucleus is lining the nuclear lamina, which allows anchoring of
the chromatin. On the top of the head overlying the anterior end of the nucleus is the
acrosomal vesicle originate as a vesicular extension of the Golgi apparatus. It contains
hydrolytic enzymes to help penetrating the egg’s outer coat and others to help fusing the
plasma membrane of the egg and to assist in cortical granules exocytosis. The release of the
acrosomal vesicle is called the acrosome reaction and occurs after a sperm-egg contact has
taken place. The cytoskelet lies between the acrosome and the nucleus and just under the
plasma membrane. The shape of the head in mammals varies from falciform (rodents) to

ovate (human, guinea pig and rabbit) (summarized Eddy and O’Brien, 1994; Millette, 1999).
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Figure 3: The head of guinea pig and human spermatozoon (adopted from Eddy and
O’Brien, 1994).
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The Tail

To fulfil their function of fertilization sperm are equipped with a flagellum a motile
part of sperm. The tail is subdivided into four sections: the connecting piece, the middle piece,
the principal piece, and the end piece (see figure 2). The movement of sperm is handled by the
core of the tail called axoneme. The mitochondrial sheath is wrapped tightly around the outer
dense fibers in the middle piece and it is replaced by the fibrous sheath in the principal piece
of the tail. After the fibrous sheath ends the tail constricts quickly. The mammals™ sperm
flagellum is further surrounded by nine outer dense fibers lying between the axoneme and the
mitochondrial later fibrous sheath. Outer dense fibers originate at the base of nucleus and
proceed through the middle piece extending to about 60 % of total length of the principal
piece. Human flagella are about 55 um long. Chinese hamster sperm tail can exceed up to

250 pm (summarized Eddy and O’Brien, 1994; Millette, 1999).

The cytoskeleton

The cytoskeleton of the sperm head is composed of three parts: sub-acrosomal, post-
acrosomal and para-acrosomal cytoskeleton (see figure 3). The sub-acrosomal cytoskeleton
(or perforatorium) is situated between the inner acrosomal membrane and the outer nuclear
membrane. It is a major structure in rodent spermatozoa and contains cysteine-rich proteins. It
is thought to have a mechanical role in egg penetration. The post-acrosomal cytoskeleton is
located between the nucleus and the plasma membrane posterior to the acrosome. It contains
an ordered array of filaments. It is slightly more prominent in spatulate sperm where it might
help to maintain the asymmetric shape. Sub-acrosomal and post-acrosomal cytoskeletons are
referred to as the perinuclear theca, which is similar to the nuclear matrix of somatic cells. It
is believed that perinuclear theca has an important role in the overall nuclear shape. An
additional role of the perinuclear theca might be to link together and stabilize the association
of the acrosome, nucleus, and post-acrosomal plasma membrane. The para-acrosomal
cytoskeleton is located between the anterior tip and convex surface of the acrosome and the
plasma membrane of falciform sperm and it is formed of filaments similar in size to
intermediate filaments. In the nucleus there is the nuclear lamina which is lining the inner
surface of the nuclear envelope and forms part of the nuclear skeletal network anchoring the
chromatin. The lamins have extensive sequence homology with intermediate filament proteins
and apparently belong to the same family of structural proteins (summarized Eddy and
O’Brien, 1994; Millette, 1999).
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Figure 4: Cytoskeleton of head of the hamster spermatozoon (adopted from Eddy and
O’Brien, 1994).

The tail cytoskeleton is consisting of the axoneme, the outer dense fibers and the
fibrous sheath. Within the axoneme microtubules form a “9 + 2* array. Two central
microtubules are encircled by nine doublets of microtubules. The doublet consist of one
complete microtubule with 13 protofilaments and one incomplete closed by its apposition to
the wall of the complete tubule. Dynein is found in the arms extending from the microtubular
doublet towards the incomplete tubule of the adjacent ring doublet. The bending of the
flagellum is provided by sliding of adjacent microtubule doublets driven by dynein motor
proteins. They have ATPase activity and move unidirectional towards the minus end of
microtubules. The ATP for dynein is produced by mitochondria from the mitochonodrial
sheath.

The fibrous sheath lies immediately subjacent to the sperm plasma membrane, but is
not attached to it. There are two longitudinal columns connected by circumferential ribs. The
fibrous sheath defines the general shape of the sperm flagellum. As a unit, the fibrous sheath
is thought to regulate the spatial plane in which the flagellum beats. Since the fibrous sheath is
physically attached to some of the outer dense fibers its involvement in microtubular sliding
must be minimal.

Nine outer dense fibers are reported to contain keratin-like proteins rich in cysteine

that are increasingly cross-linked by disulfide bonds during epididymal maturation. It is
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unlikely that the outer dense fibers play an active role in flagellar motion but they might be
determining the elastic properties of the sperm tail (summarized Eddy and O’Brien, 1994;

Millette, 1999).

Sperm and actin

Actin is known to be important in the transformation of rounded spermatids into
elongated spermatids with a clearly defined head and tail, and is particularly involved in
shaping the acrosomal region of the sperm head (Scarlett et al., 2001). Microfilaments
situated in the connecting piece/post-nuclear region of sperm might be instrumental in
determining the angle of orientation between the head and the tail (Clarke et al., 1982). Actin
polymerization and depolymerization plays an important role in membrane fusion during
acrosome reaction (Liu et al., 2002). It could be involved in the surface modifications that
accompany epididymal maturation, capacitation, and acrosome reaction of bovine
spermatozoa (Howes et al., 2001; Moreno-Fierros et al., 1992) and it may be involved in
generation of the flagellar beat (Clarke et al., 1982).

There are many studies about localization of actin in mammalian spermatozoa but the
answer is still unclear. Actin was found in a number of mammalian species including hamster,
boar, rabbit, mouse, rat, ram, guinea pig, bull, monkey, human, etc. Differences in results are
given by highly dynamic actin remodelling, alterations between species as well as by different
methods of detecting and staining used by researches.

Actin was detected in the acrosomal region of guinea pig (Moreno-Fierros et al.,
1992), hamster (Fouquet and Kann, 1992; Talbot and Kleve, 1978), boar (Castellani-Ceresa et
al., 1992), rabbit (Camatini et al., 1988), and human (Liu et al., 1999).

In rabbit, mouse, rat, monkey, and human actin was detected between the nucleus and
the acrosome of spermatids. In rat, monkey, and humans epididymal sperm cells actin
remained undetected (Fouquet and Kann, 1992).

Monomeric actin was described in the post-acrosomal region of human sperm (Clarke
et al.,, 1982; Ochs and Wolf, 1985) but there is evidence for filamentous actin in rat
epididymal spermatozoa in the sub-acrosomal space and in the post-acrosomal region as well
(Vogl et al., 1993). F-actin was observed with mouse and human uncapacitated sperm in post-
acrosomal space and in the tail of mouse sperm. No increase of F-actin in tail occur after
capacitation of mouse and human sperm but there was in bull and ram sperm (Brener et al.,

2003).
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Monomeric actin was observed with the boar sperm plasma membrane and actin
filaments with the outer acrosomal membrane (Peterson et al., 1978; Peterson et al., 1990). F-
actin was observed with bovine sperm membrane domains (Spungin et al., 1995; Yagi and
Paranko, 1995). It was also find in both the acrosomal cap region and the principal piece
region of the sperm plasma membrane in ejaculated human spermatozoa indicating that
cytoskeleton may regulate the maintenance of these surface assemblies (Virtanen et al., 1984).

Actin was detected in the tail of guinea pig spermatozoa (Moreno-Fierros et al., 1992)
and in the connecting and principal piece of hamster (Talbot and Kleve, 1978) and boar sperm
(Castellani-Ceresa et al., 1992). Actin was observed with the whole length of rat tail (de las
Heras et al., 1997), in the neck of rabbit, in the principal piece of mouse and bovine
epididymal spermatozoa (Fouquet and Kann, 1992; Howes et al., 2001), and in the connecting

piece of human sperm tail (Clarke et al., 1982).
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Capacitation

Spermatozoa ejaculated by fertile mammals are not able to fertilize immediately, in
order to penetrate an egg. Ejaculated sperm should undergo biochemical and biophysical
changes called capacitation which enable sperm to undergo the acrosome reaction and to
develop hyperactivated motility in appropriate conditions. Capacitation is brought about by
the milieu of the female tract during their transport to the site of fertilization in the ampulla of
the Fallopian tube (Bedford and Cross, 1999). Capacitation was first observed by Austin and
Chang in 1951 independently. They have referred to some physiological changes of the
spermatozoa in the female genital tract before they are capable of penetrating and fertilizing
the eggs (Chang, 1984). The first demonstration of capacitation in vitro was the report of
Yanagimachi and Chang in 1963 (Yanagimachi, 1994).

Sperm capacitation is temperature dependent. An incubation temperature of 37°C to
38°C is adequate to support in vitro capacitation in most cases. The minimum time for
capacitation could be less than 1 hour in some species (e.g., mouse, cat, and perhaps human),
whereas in some other species it can take several hours (e.g. rabbit). Ejaculated spermatozoa
of many species are more resistant to in vitro capacitation than are epididymal spermatozoa.
This is likely because the plasma membrane of ejaculated spermatozoa is more stable than
that of epididymal spermatozoa (Yanagimachi, 1994).

In vitro capacitation can be reached in defined capacitation media with differences
among species (e.g. heparin for bovine sperm capacitation). In most cases, capacitation media
contain energy substrates (e.g. pyruvate, lactate and glucose), a cholesterol acceptor (e.g.
BSA), HCOy', Ca’", low concentration of K", and physiological Na' concentration (Visconti
et al., 2002).

During capacitation modifications in sperm surface protein distribution and alterations
in plasma membrane characteristics occur. Among these changes is cholesterol efflux leading
to plasma membrane destabilization. Receptors for zona pellucida proteins appear on the
sperm head. Elevation of intracellular bicarbonate and calcium occur leading to activation of
adenylyl cyclase (AC) (this is described latter). Higher bicarbonate concentration could be
responsible for rise of pH. Influx of Na" and efflux of Cl" and Zn" occur. A set of sperm
proteins is phosphorylated on membrane tyrosine residues during capacitation. In mouse and
bovine spermatozoa has been observed an increase in sperm membrane potencial from about
-30 to about —60 mV. Increase in sperm metabolism occur (summarized Baldi et al., 1996;

Bedford and Cross, 1999; Eddy and O’Brien, 1994).
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Capacitation and actin

During capacitation of boar, bull, ram, mouse, and human sperm time-dependent
polymerization of globular G-actin to filamentous F-actin occurs mainly in the sperm head
(Brener et al., 2003; Castellani-Ceresa et al., 1992; Castellani-Ceresa et al., 1993). By
enhancing intracellular Ca®" concentrations actin is depolymerised, resulting in acrosomal
exocytosis (Brener et al., 2003).

The actin polymerization during capacitation is stimulated by protein tyrosine
phosphorylation (Brener et al., 2003) of a subset of mouse sperm proteins of M, 40,000-
120,000 (Visconti et al., 1995a) as well as bovine proteins of the same size (Galantino-Homer
et al., 1997). It is associated with presence of BSA, Ca®" and HCOj3 in the capacitation
medium (Visconti et al., 1995a).

Both protein tyrosine phosphorylation and capacitation appear to be regulated by
cAMP-dependent protein kinase A (PKA) (Lefievre et al., 2002; Visconti et al., 1995b).
Adenylyl cyclase (AC) is stimulated by bicarbonate (Garty and Salomon, 1987) or Ca®
(Hyne and Garbers, 1979) and/or calmodulin (Ca>* depending protein) resulting in rise of
cAMP level and stimulation of PKA (Brener et al., 2003). The plasma membrane
destabilization results in changes of permeability of Ca’* and HCO;". Destabilization is given
by cholesterol efflux for which bovine serum albumin (BSA) serve as an extra-cellular sink
(Davis et al., 1980; Davis and Gergely, 1979). Since PKA is not capable of phosphorylation
on tyrosine residues, an intermediate sperm tyrosine kinase (STK) may be involved. There are
three possible mechanisms: stimulation of a tyrosine kinase by PKA; inhibition of a
phosphotyrosine phosphatase; and phosphorylation of proteins by PKA on serine or threonine
residues which leads these proteins to subsequent phosphorylation of tyrosine residues
(Visconti et al., 1995b; Visconti et al., 2002).

Epidermal growth factor (EGF) found in the female reproductive tract stimulates
protein tyrosine phosphorylation (Brener et al., 2003) and actin polymerization during
capacitation (Spungin et al., 1995). Reactive oxygen species stimulate protein tyrosine
phosphorylation suggesting that H>O, activates AC (Aitken et al., 1995). H,O, can substitute
for HCO;™ (Rivlin et al., 2004).

Galantino-Homer et al. (2004) described alternative hypothesis that elution of cAMP
levels is maintained by cyclic nucleotic phosphodiesterase (PDE) and AC does not play an
important role in bovine sperm capacitation but this theory was ruled out. Similarly like

Lefievre et al. (2002) proved for human sperm capacitation and acrosome reaction Galantino-
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Homer et al. (2004) showed that PDE is providing a constitutive activity therefore can not

control cAMP levels.
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Figure 5: Described in the text (adopted from Visconti et al., 1995b).

Cohen et al. (2004) demonstrated a role of phospholipase D (PLD) in the of actin
polymerization and capacitation in spermatozoa. PLD is activated by PKA or protein kinase C
(PKC) pathways during capacitation or acrosome reaction respectively. The data indicated
that PKC is activated when PKA activity is blocked, and activation of PKA leads to inhibition
of PKC. PKC is activated towards the end of capacitation leading to F-actin breakdown and
acrosome reaction (Cohen et al., 2004).

PKCa is forming a complex with PLD1 in the cytoplasm. After activation of PKCa by
lysophosphatic acid (LPA) presented in the female reproductive tract PKCa is translocated to
the sperm plasma membrane and PLD1 to the particule fraction suggesting outer acrosomal
membrane. PLD1 is subsequently producing phosphatidic acids (PA) by hydrolysis of
phospholipids. PA is a fusogenic compound that may stimulate the fusion between the outer
acrosomal and the plasma membrane leading to acrosomal exocytosis (Cohen et al., 2004;
Garbi et al., 2000). '

Inhibition of PKC is maintained by PKA through inhibiting of phospholipase C (PLC).
PLC hydrolyze the phophatidyl-inositol phosphate (PIP) and phosphatidyl-inositol 4,5-
bisphosphate (PIP,), to generate diacylglycerol (DAG), the PLC activator, and inositol 1.4,5-
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trisphosphate (IP;) which mobilises Ca*" from intracellular stores (Spungin et al., 1995). PIP;
is a cofactor for PLD, thus, when PLC is blocked by PKA, PIP; is not hydrolyzed and PLD
activation occur. Thus, it is possible that AC or PKA is partially inactivated towards the end
of the capacitation which allows PLC activation leading to PKC activation and achieving the

acrosome reaction (Cohen et al., 2004).
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Figure 6: (R) receptor, (TK) tyrosine kinase, (OAM) outer acrosomal membrane,

(SOC) store-operated calcium, (PM) plasma membrane (Breitbart, 2002)

EGF from female reproductive tract binds to EGF receptor which autophosphorylate
following a rapid F-actin assembly between the plasma and outer acrosomal membranes. The
activated receptors phosphorylate PLCy allowing the enzyme to bind to membrane bound F-
actin. This transfer of PLC from the cytosol to the membrane cytoskeleton is important for the

acrosome reaction. After the sperm-egg contact sperm receptors enable small elevation of
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intracellular calcium which activates the membrane bound PLCy. allowing it to hydrolyze
membrane lipids (PIP and PIP,), which enhance the membrane fusibility. The activated PLC
also hydrolyzes PIP and PIP, bound to various actin severing proteins, thus releasing them
from the membrane. This is then followed by a second rise in intracellular calcium which
activates the actin severing proteins, leading to dispersion of the F-actin network between the
plasma and outer acrosomal membranes enable them to fuse (Spungin et al., 1995).

Recently more investigations of these problems are handled. Etkovitz et al. (2007)
investigated two alternative pathways of phosphatidylinositol 4-kinase (PL;K) activation.
There are two ways of activation: indirect by PKA and mediated by phosphatidylinositol 3-
kinase (PI3K); and direct by PKC. PI4K produces PIP, a known cofactor for PLD activation,
and PI;K produces PIP;. High activity of PKA, downregulates PKC activity and activates
PI;K while relatively high activity of PKC activates PI4K (Etkovitz et al., 2007).

Sperm binding to the zona pellucida causes further activation of cAMP/PKA and
PKC, respectively. PKC opens a calcium channel in the plasma membrane. PKA together
with IP; activate calcium channels in the outer acrosomal membrane, which leads to an
increase in cytosolic calcium. The depletion of calcium in the acrosome will activate a store-
operated calcium entry mechanism in the plasma membrane, leading to a higher increase in
cytosolic calcium, resulting in F-actin dispersion which enable the outer acrosomal and the
plasma membrane to come into contact and fuse completing the acrosomal reaction (Breitbart,
2003).

The balance between F- and G-actin is controlled by actin-binding proteins. A number
of them such as calicin (von Bulow et al., 1995), thymosin 10 (monomer-sequestering
protein), destrin (actin depolymerizing protein), TS-ACP (testis-specific actin capping
protein) (Howes et al., 2001), CP B3 (B subunit of the heterodimeric actin-binding “capping
protein”) (von Bulow et al., 1997), myosin, spectrin, vimentin (Virtanen et al., 1984), a-
actinin, tropomyosin (Yagi and Paranko, 1995), gelsolin (Cabello-Agueros et al., 2003; de las
Heras et al., 1997), scinderin (Pelletier et al., 1999), Arp-T1 (actin related protein), and Arp-
T2 (Heid et al., 2002) were observed in mammalian spermatozoa.

Therefore before the acrosome reaction occurs, actin severing proteins undergo rapid
dephosphorylation. Phosphatases are activated by enhanced intracellular Ca®* concentration.
Actin filaments constitute the final barrier to membrane fusion and acrosomal exocytosis

(Brener et al., 2003).
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Conclusion

Remodelling of the actin cytoskeleton is related to a number of processes during
sperm life such as capacitation, acrosome reaction, remodelling of plasma membrane
domains, and fusion of gametes. Thus, clarification of its reassembly during these events is
important for the better understanding of fertilization. However there is still a lot to be
discovered in this field.

The study made by Carlsen et al. (1992) showed in human a significant decrease in
mean sperm count from 113 x 10%ml in 1940 to 66 x 10%ml in 1990 and in seminal volume
from 3,40 ml to 2,75 ml (Carlsen et al., 1992). Thus, it is expected that the importance of
fertilization in vitro (IVF) will be rising in the future. Therefore, clarifying of the molecular
mechanisms of fertilization processes could help to obtain better results in IVF and could be

also used to help survive endangered species.
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List of abbreviations

AC — adenylyl cyclase

ADF - actin-depolymerizing factor

ADP — adenosin diphosphate

ATP — adenosin triphosphate

BSA — bovine serum albumin

cAMP - cyclic adenosin monophosphate
DAG - diacylglicerol

DNA - deoxyribonuclear acid

EGF - epidermal growth factor

F-actin — filamentous actin

G-actin — globular actin

IP; — inositol 1,4,5-triphosphate

IVF — in vitro fertilization

OAM - outer acrosomal membrane

PA — phosphatidic acid

PDE — cyclic nucleotic phosphodiesterase
PIP — phosphatidylinositol 4- phosphate
PIP;, — phosphatidylinositol 4,5-bisphosphate
PIP; — phosphatidylinositol 1.4,5-triphosphate
PI;K — phosphatidylinositol 3-kinase
PI4K — phosphtidylinositol 4-kinase

PKA - protein kinase A

PKC - protein kinase C

PLC - phospholipase C

PLD — phospholipase D

PM - plasma membrane

R —receptor

SOC - store-operated calcium

STK - sperm tyrosine kinase

TK — tyrosine kinase
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